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Abstract    (300 words) 22 
Background: Adiposity and health risks are better indicated by waist-circumference than BMI. 23 
Patterns of change with age are incompletely documented. 24 
Methods: Adults aged 18-92y in the Scottish and English Health Surveys of 1994-96 and 2008-10 25 
were divided into fifteen 5-year age-bands. Sex-specific prevalences of overweight/obesity and of 26 
increased/high waist-circumference against age were compared using ANCOVA .   27 
 Results:  Data, available for 7932 Scottish and 55,925 English subjects in 1994-96, and for 27,391 28 
Scottish and 30,929 English in 2008-10, showed generally similar patterns of change in the two 29 
countries.  Prevalences of both elevated BMI and waist-circumference rose with age for longer in 30 
2008-10 than 1994-96, reaching higher peaks at greater ages, particularly among men.   31 
Between 1994-96 and 2008-10, maximum prevalences of BMI>30 increased from 25% to 38% (larger 32 
increases in men than women), reaching peak at age 60-70y in both sexes.  This peak-prevalence 33 
was 5-10y later than in 1994-96 for men, unchanged for women.  34 
Between 1994-96 and 2008-10, maximum prevalences of high waist-circumference (men>102cm, 35 
women>88cm) increased from 30% to 70% in both sexes, peaking in 2008-10 at ages 80-85y(men), 36 
65-70y(women).  37 
In 2008-10, proportions of adults with ‘normal' BMI (18.5-25) fell with age to 15%-20% at age 60-38 
70y(men) and 75y(women).  Among all those with BMI 18.5-25, aged>65y, the proportions with 39 
unhealthily elevated waist-circumference were 30%(men>94cm) and 55%(women>80cm). 40 
Conclusions:  Almost 40% of men and women are now becoming obese. People are growing fatter 41 
later in life, with waist-circumference rising more persistently than BMI, which may indicate 42 
increased loss of muscle mass and sarcopenia in old age.  Among older people, few now have 43 
‘normal’ BMI, and of these up to half have elevated waist-circumference, raising questions for the 44 
suitability of BMI as a measure of adiposity in this age-group. 45 
 46 
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Introduction  50 
Mean Body Mass Index (BMI, kg/m2), and prevalence of obesity (qua BMI>30kg/m2), rise with age 51 
and are increasing in most populations.1 Risks of type 2 diabetes and coronary heart disease (CHD) 52 
rise with very modest increases in weight in younger adults, and greater accumulation of body fat 53 
promotes a wide range of extra physical disabilities, inflammatory, neoplastic and metabolic 54 
diseases among older people.2 Much research has focused on increasing adiposity in childhood3, 4 55 
but most ‘obese children’, as currently defined, still need to gain a substantial amount of weight to 56 
reach BMI>30 as adults. Emerging patterns of change of adiposity at later ages, and the potential 57 
impact on health of older people, are not well documented.5  58 
Some have suggested that a modest degree of overweight is beneficial at older ages in terms of 59 
mortality.6-8 A recent meta-analysis suggested an apparent protective effect from BMI 25-30, only 60 
BMI>35 being associated with increased mortality.9  However, mortality may not be the best 61 
outcome to consider, nor BMI an optimal measure for this purpose, as BMI does not distinguish 62 
between body fat and muscle mass, which have opposite health impacts.  Moreover, as overweight 63 
(BMI 25-30) and obesity (BMI>30) have become so much more frequent, the numbers with ‘healthy’ 64 
BMI 18·5-25 has dwindled.10 The fewer older people with BMI <25 and 25-30 are likely to include 65 
more individuals who have lost weight (and specifically muscle) from a previously higher category of 66 
BMI, through illness and inactivity.11 Sarcopenia is more frequent among older individuals, and 67 
sarcopenic obesity (low muscle with high body fat) may exist among those with BMI>30 and even 68 
25-30, impairing health and increasing mortality.12 Waist circumference (WC) is a slightly better 69 
measure of adiposity than BMI13, and of health risks in older people, particularly when the BMI is 70 
below 30 where variations in muscle mass are not dominated by fat accumulation.14 Better 71 
documentation of relationships between anthropometric measurements and health outcomes is 72 
required, particularly among older people.  Applying standard BMI criteria, which originated from 73 
actuarial survival data in mid-20th century insured Americans, may be misleading. The first step is to 74 
document associations and patterns of change. Elucidating the causes of changes, and distinguishing 75 
between effects of age and cohort in these relationships over time demands analyses of longitudinal 76 
datasets.   77 
This report documents patterns of change in BMI and WC in large national health surveys across a 78 
14-year period, focussing particularly on age-specific peak-prevalences of adults with elevated 79 
figures, and the trough proportions with ‘normal’ BMI. Distinguishing changes in BMI and WC may 80 
clarify the influences of altered body composition on health outcomes at older ages.  81 
Subjects and Methods 82 
This study is a secondary analysis of data from the Scottish Health Survey (SHS) and the Health 83 
Survey for England (HSE), available through the Economic and Social Data Service (ESDS). These UK 84 
Health Surveys (UKHSs) sample the population sequentially using multistage, stratified, random 85 
sampling of private households from a Postcode Address File, to provide nationally representative 86 
data on health-related variables. During the first stage, personal interviews were conducted by a 87 
trained interviewer, to collect information on socio-demographic factors, self-assessed health, 88 
disability, eating habits, health conditions, lifestyle factors such as smoking and drinking behaviours, 89 
and health services use. Anthropometric measurements were taken, by a trained nurse, including 90 
weight, height, waist and hip circumference.15, 16  91 
Data from four SHSs (1995, 2008, 2009 and 2010) and six HSE (1994, 1995, 1996, 2008, 2009 and 92 
2010) were combined into a single database, as two year-groups, 1994-1996 and 2008-2010. 93 
Participants’ ages at last birthday were grouped into fifteen 5-year age-bands, identified by the 94 
middle year from 20 (that is, ages 18–22) to 90 (ages 88-92) years. These groupings aimed to provide 95 
sufficient participants for discrimination among narrow age-bands. There were insufficient 96 
participants older than 92y for inclusion. Pregnant women were excluded. From 133,649 participants 97 
in the two UKHSs studied here, 88% had data available on BMI and 30% on WC. 98 
Variables and measurements 99 
All anthropometric measurements followed a specified protocol using calibrated scales and 100 
inextensible plastic tapes. Height was measured to nearest even millimetre, without shoes, head in 101 
the Frankfort Plane position. Weight was measured with light clothing without shoes, to nearest 102 
0.1kg. WC was measured with an inelastic tape, to nearest 0.1cm, mid-way between the lowest rib 103 
and the iliac crest. Means of two measurements were used: if they differed by 3 cm or more, a third 104 
measurement was recorded. Established BMI and WC cut-offs were employed to calculated 105 
prevalences in the study population.17, 18 Three BMI categories 18.5- 24.9 kg/m2 (normal weight), >25 106 
kg/m2 (overweight/obese), and>30 kg/m2 (obese) were used. WC values were classified as normal 107 
(WC <94cm for men and <80cm for women), increased/high (≥94 cm for men and ≥80 cm for 108 
women) and high (≥102 cm for men and ≥88 cm for women). 109 
Statistical methods 110 
Analyses were conducted separately for men and women using SPSS statistical software package 111 
version 19.0.0 (IBM, SPSS Software). Simple exploratory techniques were used to describe 14-year 112 
changes in BMI and WC for each age group, and for the overall population. Age- and sex-adjusted 113 
changes in mean BMI and WC were assessed using univariate general linear models (ANCOVA). 114 
Statistical significance was set to 5%.  115 
 116 
Results 117 
Overall numbers of records available are shown in Table1. 118 
 119 
Scottish Health Survey Data 120 
BMI: Between 1994-96 and 2008-10, mean BMI increased significantly in all age-bands for both men 121 
and women, as did the prevalences of BMI>25 and BMI>30 (p<0.001; ANCOVA) 122 
Among young adults entering adult life (18-22y), prevalence of BMI>30 tripled over the 14-years, 123 
reaching 12·1% in men and 20·1% in women in 2008-10 (Figures1&2).  124 
In men, the maximum prevalence of BMI>25 within any 5-year age-band increased and occurred five 125 
years older: 74·5% at age 55y in 1994-96, and 84·3% at age 60y in 2008-10. Maximum prevalence of 126 
BMI>30 within a 5-year age-band increased similarly, and age at that peak-prevalence was delayed 127 
by five years, from 24·6% at age 55y in 1994-96 to 38·5% at age 60y in 2008-10.  The proportion with 128 
BMI 18·5-25 (normal-weight) at age 60y fell to 15% in 2008-10, rising at greater ages (Figures 1&2).  129 
In women, the maximum prevalence of BMI>25 within a 5-year age-band increased from 69·9% at in 130 
1994-96 to 77·5% in 2008-10, both at age 65y. Peak-prevalence of BMI>30 also increased, from 131 
29·5% in 1994-96 to 37·6% in 2008-10, both at age 65y (Figures 1&2). In 2008-10 BMI 18·5-25 132 
(normal-weight) fell to a minimum of 22·9% at age 65y, increasing at greater ages. 133 
While age-specific prevalences of elevated BMI increased in both sexes, a shift in age at peak-134 
prevalences was seen in men only,  by five years for both BMI>25 and BMI>30, from 55y in 1994-96 135 
to 60y in 2008-10. Among women, maximum prevalences of both BMI>25 and BMI>30 remained at 136 
age 65y (Figures 1&2).  137 
WC: Similar to BMI, overall mean WC (all age-bands) and overall prevalences of both WC>80/94cm 138 
and WC>88/102cm rose significantly in both men and women between 1994-96 and 2008-10 (all 139 
p<0.001;ANCOVA).  140 
In young adults (18-22y), prevalence of high WC increased strikingly between 1994-96 and 2008-10.  141 
In young men, prevalence of WC>102cm increased 4-fold to reach 12·7% in 2008-10. In young 142 
women, WC>88cm prevalences climbed from 5·7% in 1994-96 to 28·2% in 2008-10.  143 
Among men, the maximum prevalence of WC>94cm within a 5-year age-band increased and 144 
occurred 15 to 20 years later: 57·6% at age 65y in 1994-96, 80% at age 80-85y in 2008-10. Peak-145 
prevalence of WC>102cm increased markedly, with a 20 year age-shift, from 28·8% at 65y in 1994-146 
96 to 66·7% at 85y in 2008-10 (Figures 3&4). By 85y, the proportion with healthy waist (<94cms) had 147 
fallen to 20%.  148 
Similar increases were seen in women. Maximum prevalence of WC>80 cm increased and occurred 149 
five years later: 65·3% at 60y in 1994-96 to 91% at 65y in 2008-10. Maximum prevalence of 150 
WC>88cm also increased, from 40·3% at age 65 in 1994-96 to 68·8% at age 65 in 2008-10 (Figures 151 
3&4). Thus by 2008-10, under 10% of the female Scottish population had a WC<80 cm at age 65y.  152 
In summary, for women the changes in dynamics of the patterns of high WC over the 14 years 153 
separating the two surveys were broadly similar to those of BMI. Indeed, the maximum prevalence 154 
of WC>88 occurred at the same age for both surveys (65y), with a modest five year shift for the 155 
maximum prevalence of WC>80 (Figures 3&4). In men, however, there was a much bigger between-156 
survey shift in the age with maximum prevalences of WC>94 and WC>102 (20y later for both), 157 
compared to the shift in age with maximum prevalences of BMI>25 and BMI>30 (5y later for both).  158 
High WC always reached its peak-prevalence later in life than BMI. In 1994-96 in men, there was a 159 
10y difference in the age with maximum prevalence of BMI>25 (55y) and with maximum prevalence 160 
for WC>88 (65y). This difference widened markedly in the 2008-10 survey with a 20-25 years age-161 
difference between maximum prevalences of BMI>25 (60y) and WC>88 (80-85y). This was not seen 162 
among women.  163 
Amongst the small numbers of older ‘normal-weight’ older Scottish individuals (aged 65y), 13% of 164 
men had WC >94cm, increasing to 46% at age 80y, and 70% of women had WC >80cm, 15% above 165 
88cm (data for individual countries not shown). 166 
English Health Survey Data  167 
BMI: Between 1994-96 and 2008-10, mean BMI increased significantly at all ages, for both men and 168 
women and so did the prevalences of BMI>25 and BMI>30 (p<0.001;ANCOVA) 169 
Among young men (18-22y), the prevalence of BMI>30 doubled from 5·2% in 1994-96 to 10·7% in 170 
2008-10. In young women (18-22y), the increase was larger, BMI>30 reaching 17·8% in 2008-171 
10(Figures 1&2).  172 
The maximum prevalence of BMI>25 within a 5-year age-band increased in men, from 73·4% at age 173 
60y in 1994-96 to 83·0% at age 70y in 2008-10. Maximum prevalence of BMI>30 within a 5-year age-174 
band also increased, and age at that peak prevalence was delayed by five years, from 22·3% at age 175 
65y in 1994-96 to 35·2% at age 70y in 2008-10. In women, maximum prevalence of BMI>25 within a 176 
5-year age-band increased from 68·7% in 1994-96 to 75·6% in 2008-10, both at age 70.  Peak-177 
prevalence of BMI>30 also increased and occurred 10-15y older (27·2% at age 60y in 1994-96 , 178 
36·4% at age 70-75y in 2008-10) (Figures 1&2).  179 
In 2008-10 the proportion of all adults with BMI 18·5-25 (normal-weight) had fallen to 14·7% of men 180 
(at age 70y), and 19·3% of women at age 75y. Above these ages the proportion with BMI 18·5-25 181 
increased.  182 
WC: Similar to BMI, mean WC and overall prevalences of WC>80/94cm and WC>88/102cm also rose 183 
significantly between 1994-96 and 2008-10, in all age-bands among both men and women 184 
(p<0.001;ANCOVA).  185 
In young adults (18-22y) prevalence of high WC and BMI increased comparably between 1994-96 186 
and 2008-10. In young men, prevalences of WC>102cm increased from 4·6% in 1994-96 to 10·7% in 187 
2008-10. In young women, prevalence of WC>88cm rose from 9·25 in 1994-96 to 24·4% in 2008-10. 188 
 Among men, the maximum prevalence of WC>94cm within a 5-year age-band increased and 189 
occurred 15-years later: 72% at age 65 in 1994-96, 81·4% at age 80 in 2008-10. Peak-prevalence of 190 
WC>102cm changed little (Figures 3&4).  191 
 In women, maximum prevalence of WC>80 cm increased from 80% at 70y in 1994-96 to 87·9% at 192 
70y in 2008-10. Maximum prevalence of WC>88cm increased much more, from 52·7% at age 70y in 193 
1994-96, to 70·5% at 70y in 2008-10 (Figures 3&4).  No shift was seen in the age at maximum 194 
prevalence among women. In 2008-10, only 12% of women and 18·6% of men in England had a 195 
healthy WC at 70y and 80y, respectively.  196 
Amongst the small numbers of older ‘normal-weight’ English individuals (65y BMI 18.5-25): 32% of 197 
men had WC >94cm, 2.4% >102cm; 49% of women had WC >80cm, 11% >88cm (data for individual 198 
countries not shown).  199 
Discussion 200 
Trends towards increasing obesity and overweight, using conventional BMI categories, in older 201 
people have been documented earlier 19, 20, but how these trends reflect adiposity and health risks is 202 
less clear9. A large longitudinal Norwegian study documented rising BMI among younger individuals 203 
throughout 11-years’ follow-up, but reductions above 70 years of age, with a peak in BMI at about 204 
age 70y.21 The Baltimore Longitudinal Study of Aging followed over 1000 men from birth to death 205 
and reported that body weight increased throughout life until five years before death.22 The present 206 
larger study, in two neighbouring countries, allowed distributions of adult body compositions, by 207 
age, to be explored over 14 years (1994-96 vs. 2008-10) and also between measures of adiposity 208 
(BMI vs. WC).  209 
Comparisons between 1994-96 and 2008-10 210 
Many more young adults now emerge from childhood already obese, illustrating the dramatic effect 211 
of increased adiposity in childhood. In 2008-10, 12% of men and 20% of women already had BMI>30 212 
at age 20, at least double the prevalence observed 14 years earlier. While ‘childhood obesity’ is of 213 
clinical concern in some cases, and it increasingly impacts obesity prevalence in early adulthood, the 214 
overall health burdens of obesity across whole populations are mainly driven by further weight gain 215 
in adult life, when prevalence of BMI>30 now rises to almost 40% of the entire population. As a 216 
corollary, the BMI category 18·5-25 has dwindled to very low proportions of older people. Although 217 
this category is usually considered ‘normal’, BMI18·5-25 may not now indicate normal body 218 
composition in older people, among whom WC is more often increased.  219 
In 2008-10, people were most likely to be classified as overweight or obese (BMI>25 or >30) in their 220 
late 60s-early 70s. At that age, only 20% of all men and 15% of all women had BMI 18·5-25, and 221 
amongst these ‘normal-weight individuals, about 30% of the men and 55% of the women had 222 
unhealthily increased waist-circumferences (>94cms in men, >80cms in women)18, 23(Figure 5). It is 223 
tempting to speculate on the changes in the ages at which peak BMIs occur and reason for sex 224 
differences, but the cross-sectional nature of the present study prevents distinction between the 225 
influences of cohort effects (including environmental factors) and aging.  The rising life expectancy 226 
probably plays a part22, but there remain fundamental differences in body composition between the 227 
sexes, women gaining more fat as adolescents20 and men more in later adult life.  Longitudinal 228 
studies are needed to elucidate causal factors. 229 
  230 
Interpretation of different measures of body composition 231 
Our data document generally greater WC, primarily indicating greater total body fat, in older 232 
people.13 While BMI decreases with age after reaching its peak-prevalence at about age 65-70 (in 233 
2008-10), WC continues to increase, only peaking at 75-80 years of age. This suggests risks of 234 
sarcopenia, or sarcopenic obesity12, with associated physical and metabolic health risks. Frailty and 235 
weight loss are traditional focuses of concern in the elderly24, 25, but our data suggest that 236 
conventional BMI criteria alone may be insufficient.  The mis-match between BMI and WC with age 237 
may also contribute to the apparently adverse impact of ‘normal weight’ on mortality, reported in 238 
various studies.6, 7, 26, 27 A serious problem lies in the very small numbers of older adults, as low as 10-239 
15%, who now have a BMI in the ‘normal’/’healthy’ range (Figure 3). It is possible that a significant 240 
proportion of these older, normal-weight individuals have in fact lost weight11, and specifically 241 
muscle mass through illness and inactivity. The HSE and SHS did not include questions about recent 242 
weight loss, which would provide valuable evidence on this.  243 
To explain the disconnect between age-specific distributions of WC and BMI, more detailed 244 
measures of body composition are needed. Rising WC could indicate either a gain in total body fat13, 245 
or a redistribution of body fat towards a more central, intra-abdominal, preponderance.28 WC ceases 246 
to be a linear indicator of body fat when above an upper limit of about 130cm, when the abdominal 247 
apron of fat hangs below the waist. This was not a major factor in the present study: only 0·6 % of 248 
subjects had a WC above 130cm. When the range of body fat or BMI is wide, then WC is likely to 249 
reflect mainly variations in total body fat. When the range in body fatness is small, then WC is likely 250 
to be a stronger indicator of intra-abdominal fat mass.29 In the present survey datasets, there were 251 
substantial ranges in BMI and WC, so the major influence on WC is likely to be variation in total body 252 
fat. The adverse metabolic health impacts of rising WC include both those of elevated total body fat 253 
and a more central fat distribution, but the former mechanism is more amenable to preventive 254 
action. Unintentional weight loss, even in overweight and obese people, is associated with poor 255 
health outcomes, probably related to undiagnosed illness and loss of lean body tissue as well as 256 
body fat.30 More detailed characterisation of body composition, and information on changes in 257 
weight, are therefore urgently required within future population surveys. 258 
Strengths and Limitations 259 
There are many limitations to analyses of cross-sectional survey data of this kind, but this study has 260 
many strengths from which to develop hypotheses. The numbers of subjects studied was very large.  261 
The response rates (published elsewhere 15, 16) were high (~70%), and quality of data-completeness 262 
was high, so the samples can be considered at least broadly representative of the general 263 
populations. The methods used in the Scottish and English surveys were essentially the same, so 264 
comparisons between the countries are likely to be valid. The 1994-96 SHS did not include data for 265 
individuals above 65 years of age, which limits interpretation, although the similarities between 266 
Scottish and English data overall allows some confidence in drawing general conclusions. A 267 
combined analysis of data from both countries was not performed because of lack of participants 268 
aged above 65y in 1994-96 SHS.  The HSEs of 1994, 1995 and 1996 offered greater numbers to 269 
characterise the 1994-96 population than the single 1995 SHS. Participants without a WC 270 
measurement had slightly higher BMI, but in both the 1994-96 and 2008-10 surveys (data not 271 
shown), which makes this unlikely to affect data interpretation.  272 
Over the 14-year period studied, change in distributions of BMI and WC in Scotland and England 273 
were very similar, allowing the general conclusion that overweight and obesity are increasing, with 274 
more older people affected, and the BMI category 18·5-25 dwindling to the point where it needs 275 
better characterisation before assuming that it represents ‘normal’ or healthful body composition. 276 
There were mostly only minor differences between countries, perhaps with generally greater WC in 277 
Scotland then England (Table 3, Fig 3). We have not sought to explain these national differences.  278 
 279 
Conclusions 280 
Overweight and obesity are rising, and peaking later in life. Within the 14 years study period (1994-281 
96 to 2008-10) the distributions of BMI and WC have changed such that more young people enter 282 
adult life already obese, and more older people have adverse body composition. Almost 40% of all 283 
UK adults now become obese, and many older people with normal BMI(18·5-25) actually have 284 
elevated WC. The continuing rise of WC into older age groups is evidence of continued body fat 285 
accumulation and/or redistribution into older age, a major emerging public health concern. The use 286 
of BMI alone as a measure for adiposity in this age group may be misleading. Using WC might better 287 
identify adverse changes in body composition. 288 
 289 
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Table 1.  Numbers of participants with available records 434 
  1994 1995 1996 2008 2009 2010 
England 15809 19788 20328 8215 8602 14112 
Scotland - 7932 - 8215 10138 9038 
Total 15809 27720 20328 16430 18740 23150 
       
  Overall '1994-96' Overall '2008-10' 
England 55925 30929 
Scotland 7932 27391 
Total 63857 58320 
 435 
Table 2.  Age bands with maximum prevalences of BMI and waist circumference 436 
 
BMI>25 BMI>30 
 
1994-96 2008-10 1994-96 2008-10 
 
Max (%) Age(y) Max (%) Age(y) Max (%) Age(y) Max (%) Age(y) 
Scotland 
        Men 74.5 55 84.3 60 24.6 55 38.5 60 
Women 69.9 65 77.5 65 29.5 65 37.6 65 
         England 
        Men 73.4 60 83.0 60-70 22.3 65 35.2 70 
Women 68.7 70 75.6 70 27.2 60 36.4 70-75 
         
 
WC>80/94cm WC>88/102cm 
 
1994-96 2008-10 1994-96 2008-10 
 
Max (%) Age(y) Max (%) Age(y) Max(%) Age(y) Max (%) Age(y) 
Scotland 
        Men 57.6 65 80.0 80-85 28.8 65 66.7 85 
Women 65.3 60 91 65 40.3 65 68.8 65 
         England 
        Men 72.0 65 81.4 80 50.0 90 52.2 70 
Women 80.0 70 87.9 70 52.7 70 70.5 70 
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